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Why should we care?
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Both ice sheet have huge uncertainty

IPCC AR6



Uncertainty increases
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Different ice sheets = different processes



Greenland melts at the surface,

Antarctica at the edges

Lenaerts et al., 2019





Stakeholders

policymakers

scientists

public

industry



Digi ta l Twins

User/problem Questions

What if?
Uncertainty?
…

Process 
understanding
Monitoring
…

Assimilation
Evaluation
…

Models

Observations



Digital Twin in industry
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Digital Twins of
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INSIGHTS

Still imperfect representations

Still too simplistic or
Computationally heavy



DIGITAL TWINS AS THE SOLUTION?

THEY ALREADY EXIST
e.g. Earth System Models



So what is new?



Digi ta l Twin Innovations

COMBINATION OF DATA 
LAKE WITH MODELS

LEVERAGING THE POWER 
OF AI

OBSERVATIONS MODELS

AI & ML
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DATA

INSIGHTS

AI brings new 
opportunities

Improved EO representations
Real time updates

AI simulations for speed-up,
Improved resolution

Monitoring, forecasting and 
scenario analysis



dtc-ice-sheets.org



Stakeholders



4 use cases



The Building Blocks
EO, In-situ data & algorithms.

From building blocks



The Building Blocks
EO, In-situ data & algorithms.

The Component
A specialized Ice Sheet Replica.

to an ice sheet component



The Building Blocks
EO, In-situ data & algorithms.

The Ecosystem
Integrated into the full Digital Twin 

Earth.

The Component
A specialized Ice Sheet Replica.

to an ecosystem of ecosystems



Modules & Workflows Data Layer API & Access

DTC-IS

STAC 

server

ERA5

via

DestinE EDH

Other

operational

sources

Extensible to other DestinE data access APIs

Internal STAC potentially publishable to DEDL

Publishable to DeltaTwin & Insula Processing

Compatible with internal DestinE infrastructure

Notebooks to be published in Insula Code

Dashboard onboardable as DestinE service

Cloud-Native, Flexible & Portable Across Platforms

Containerised & Orchestrated

Standardised I/O schemas

Abstracted data access

On-the-fly GeoZarr conversion

Unified external API

Decoupled dashboards & notebooks

…

Under the hood?



Algorithms
& AI

In-situ
data

Physical
Models

Satellite
data



AI opportunities
Monitoring → Understanding → Projection 

Scenarios

Super-resolution

Gap filling

Classification 
& segmentation

Object detection & 
change/anomaly
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Monitoring → Understanding → Projection 
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Gap filling

Classification 
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change/anomaly

Geospatial 
foundation models

Interpretability & 
process discovery

EO–model 
diagnostics

Super-resolution



AI opportunities
Monitoring → Understanding → Projection 

Scenarios

Gap filling

Classification 
& segmentation

Object detection & 
change/anomaly

Geospatial 
foundation models

Interpretability & 
process discovery

EO–model 
diagnostics

Model emulation
Fast surrogates

Hybrid forecasting 
(physics + ML)

GenAI

Super-resolution

What-if?



AI opportunities in DTC ice sheets

Current modules

Interpretability & 
process discovery

Model emulation
Fast surrogates

Super-resolution

EO–model 
diagnostics

What-if?



Super-resolution
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Forcing Output

Forcing Output

Development of emulators 





Emulators



34

Enhanced Surface 
Climate

The DT leverages super-
resolution modeling

techniques to enhance the 
monitoring and prediction 

of surface climate 
conditions over Greenland 

and Antarctica.

Hydropower in 
Greenland:

The DT estimates meltwater 
runoff, enabling better 

forecasting of hydrological 
resources for renewable 

energy planning.

Sea-Level Rise:
The DT improves 

projections of sea-level 
changes driven by ice-
sheet melt to support 

regional coastal planning 
across the EU.

Antarctic Ice 
Shelves

The DT tracks ice-shelf 
change using satellite 
data and modeling to 
help assess risks and 

feedback between ice 
and ocean.

dtc-ice-sheets.org
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